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1 Introduction 

Deep inelastic scattering (DIS) of charged and neutral leptons has revealed 
most of what we know about the quark structure of the nucleon and of nuclei. 
The interpretation of DIS data is based on the factorisation of the hard scat- 
tering process from the nonperturbative nucleon structure. The former is de- 
scribed by Quantum Chromodynamics (QCD) while the latter is parametrised 
in terms of structure functions. Thus the objectives of DIS experiments are 
twofold. They test QCD and probe the nucleon's structure at the same time. 
DIS experiments led to the discovery of partons, which later were identified 
with the hypothetical quarks, postulated earlier to explain the hadron spec- 
trum. It was also found that the charged partons are fermions with spin 1/2 
and carry only about half of the nucleon's momentum. This suggests that 
gluons play an important role in the .nucleon. The same partition was recently 
predicted for the angular momentumEJ in the limit of infinite momentum trans- 
fer, Q 2 — > oo. With the advent of the high statistics experiments at large 
Q 2 , the gluon distribution could be inferred from the Q 2 dependence of the 
structure functions using the Gribov-Lipatov-Altarelli-Parisi evolution equa- 
tions (GLAP)Betq Important input for the flavour decomposition of the quark 
content of the nucleon came from charged-current neutrino scattering. It was 
shown that the nucleon contains three valence quarks and that the mean-square 
charge of the up and down quarks is 5/18. From opposite-sign di-muon events 
the distribution of the strange quarks was obtained.tj 

Although a consistent picture emerged and DIS developed to a precise 
tool, itsJiistory is accompanied by surprises. First strong effects due to nuclear 
bindings were discovered by the European Muon Collaboration, the so-called 
EMCJEffect. Later the violation of the Ellis-Jaffe sum rule,Q discovered by the 
EMCtru in polarised muon-proton scattering, questioned our understanding of 
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Figure 1: The deep inelastic scatter- Figure 2: Kinematic rang cO of the HERA, NMC, 
ing process. BCDMS, E665, SLAC, and CCFR experiments. 



the ptutcleon's spin structure. Then the violation0'0 of the Gottfried sum 
ruleE3 found by the New Muon Collaboration (NMC) revealed that the light 
quark sea is not flavour symmetric Recently, a strong increase of F2 at very 
small x was found at HERALSEJ and finally, the excess of events at high x and 



Q 2 > 15000 GeV 2 also seen at HERAli^li^ might be a trace of ' 'new physics" 

The DIS process is sketched in Fig. 1. The kinematics in the laboratory 
frame for fixed-target experiments is given by the incoming lepton energy, 
E, the energy transfer, v = E — E' , the square of the virtual-photon mass, 
q 2 = —Q 2 , and the proton mass, M. In Born approximation the inclusive, dif- 
ferential cross section in terms of the scaling variables, x — Q 2 /2pq = Q 2 /2Mv 
and y = pq/pk = v/E, reads 



where F(x,Q 2 ) are the dimensionless structure functions and s = Q 2 /xy + M 2 
is the square of the lepton-nucleon cm. energy. The coupling constants and 
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the boson propagators yield, 



a« = W(,-M^ and °" = g"- J % + gW)" (2) 

for charged- lepton (i = ^) and charged-current neutrino scattering (i — u,V), 
respectively. The parity-violating structure function F3 enters with positive 
(negative) sign for (anti)ncutrino scattering and vanishes for electron and muon 
scattering. Neutral-piirrent neutrino scattering and charged-current electron 
(muon) scatteringE§E3 are not discussed in this paper. 

In the Quark-Parton-Model (QPM), which is motivated in the Bjorken 
limit, Q 2 , v — > 00 at fixed x, the scaling variable x represents the fraction of the 
nucleon's longitudinal momentum carried by the struck quark. The structure 
functions become functions of x only and acquire a very intuitive interpretation 
in terms of quark and antiquark distribution functions, Qflx) and qj{x) with 
qj = u,d,s,c,b,t. One finds the Callan-Gross relation,E2l 2xFi(x) = F2(x), 
and 

Ff(x) = xJ2e 2 f{q f (x)+q f (x)}, 
f 

F^(x) = F™(x) = x^ {q f (x) + q f (x)}, (3) 

/ 

lx[F^(x)+F^(x)] = x^ {q f (x)-q f (x)}, 
1 S 

where e/ denotes the electric charge of a quark with flavour /. In Eq. ^[neutrino 
scattering from isoscalar targets is assumed and in addition s(x) = s(x) and 
c(x) = c(x) is used in the expressions for and F£ N ■ In the QCD-improved 
QPM a logarithmic Q 2 dependence of the structure functions is generated 
by gluon bremsstrahlung. This Q 2 dependence can be calculated in QCD 
and is described by the GLAP equations. It is one of the cleanest tools to 
determine the gluon distribution function of the nucleon, g(x,Q 2 ), and the 
strong coupling constant a s . 

In this paper emphasis is put on the results relevant to the analysis of the 
polarised DIS data, i.e. the region 0.001 < x and the main part of the paper 
is dedicated to fixed-target experiments. However, the most important results 
from HERA are also reviewed. The results from the Zeus experiment at HERA 
are discussed in more detail in a separate contributions to this Workshop. Due 
to the lack of space a discussion of nuclear effects in structure functions has 
been omitted. 
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2 The Experiments 



The series_of unpolarised electron DIS experiments at SLAC began in the 
late 1960'sE3 and lasted till 1985c3 and beyond. The scattered electrons were 
detected by 1.6, 8, and 20 GeV /c small-aperture magnetic spectrometers. The 
maximum incident electron energy was 20 GeV covering the kinematic range 
x > 0.07. 

In the 1980's the high-intensity 280 GeV CERN muon beam served si- 
multaneously the experiment of the BCDMS and that of the European Muon 
Collaboration (EMC)Eil The momentum of the incident muon was measured by 
a dedicated common magnetic spectrometer. The EMC apparatus comprised 
an extended target area with an about 5 m long liquid hydrogen or deuterium 
target, a large-aperture spectrometer magnet and a muon-identification stage 
downstream xif a hadron absorber. Subsequently upgraded versions of this 
spectrometeicJ were used by the New Muon (NMC) and by the Spin Muon 
Collaboration (SMC). The NMC experiments were optimised for the determi- 
nation of cross-section ratios. A group of two targets along the beam axis was 
frequently exchanged with a second group of targets, in which the order of 
the target materials along the beam was inverted. This yielded veot. pxecise 
results for F^/F^tQ and for nuclear effects in the structure functions. El E3 The 
BCDMS experiment consisted of a series of segmented toroids interspersed 
with MWPCs and trigger hodoscopes. The central bore contained the in total 
40 m long targets. The muons were bent by the magnetic field in the iron 
toroids towards the axis of the spectrometer. This setup resulted in a good 
acceptance for large scattering angles, i.e. for large values of x and Q 2 . The 
to date last uiipolarised muon DIS experiment was performed by the E665 
Collaborations using the 470 GeV muon beam at FNAL. The principle of the 
spectrometer is similar to that of the EMC. However, it involved an additional 
spectrometer magnet close to the target. 

In the early 1980's also charged-current neutrino-nucleon scattering ex- 
periments started at CERN with the CDHSW experiment SB The most precise 
data today come from the CCFR Collaboration at FNAL, which took data in 
the late 1980's. Neutrinos and antineutrinos of 30-600 GeV from kaon and 
pion decays impinged on a 690 ton iron target and the emerging muons were 
detected in a 420 ton toroid system— Apart from F£ N and results for 
the Gross-Llewellyn Smith sum ruleEU and the strange quark content of the 
nucleonO were obtained. 

Finally, in the 1990's the HERA e-p collider at DESY with its HI and 
ZEUScil experiments opened up a completely new kinematic domain. The 
820 GeV proton and the 27 GeV electron beam provide a centre-of-mass energy 
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of yfs ~ 300 GeV with which x values as low as x = 10~ 4 can be reached at a 
momentum transfer of Q 2 ~ 5 GeV 2 and for x > 0.1 values of Q 2 > 5000 GeV 2 
can be accessed. The kinematic range of the individual experiments is shown 
in Fig. 2. 

3 The Longitudinal-to- Transverse Cross-Section Ratio 

Both, longitudinally and transversely polarised photons contribute to the dif- 
ferential cross section of Eq. El. The ratio of the corresponding cross sections, 
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Figure 4: (a) NMC measurements of R as function of x together with the R1990 (solid line) 
parametrisatior£3 and -Rqcd (dashed line), (b) Comparison with several other experimental 

results. 



ol and <tt, is given by 

a T 2xF 1 2xFi v 1 

It can determined from measurements at the same (x, Q 2 ) point at different 
values of y, i.e. different incident lepton energies. Transverse quark momenta 
introduced by gluon bremsstrahlung allow also the absorption of longitudinal 
virtual photons. Due to the absence of transverse momenta, Fl vanishes in t ; 
naive QPM. In perturbative QCD Fl and thus R (-Rqcd) can be calculatec 
from F% and from the gluon distribution function, g, 



where c = ^2 e / f° r electron and muon scattering and c = n/, the number of 
active flavours, for neutrino scattering. Note that Fl is proportional to the 
strong coupling constant a s (Q 2 ). At small values of x, where g(x,Q 2 ) rises 
sharply, an increase of Fl is expected from Eq. pL 

The result of a comprehensive global analysiso of the the SLAC electron- 
proton and deuteron data on R(x, Q 2 ) and some high Q 2 muon and neutrino 
data from CERN resulted in a phenomenological parametrisation for i?, often 
referred to as R1990, which is shown together with the data in Fig. 3. The kine- 
matic region covered is 0.1 < x < 0.9 and 0.6 < Q 2 < 20 GeV 2 for the SLAC 
data and up to about 80 GeV 2 for the muon and neutrino data. The ratio R is 
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rather well determined for intermediate x and large Q 2 , where it is small. How- 
ever, the behaviour in the region x < 0.1 is uncertain. Recently, new data from 
the NMCo in the small -x region, 0.002 < x < 0.12, became available (Fig. 4). 
The data agree well with the rise expected from perturbative QCD and - in 
the region of overlap - with the previous measurements. Also the preliminary 
neutrino data for R from the CCFR Collaboration!^ for 0.01 < x < 0.6 and 
Q 2 > 4 GeV 2 agree well with -Rqcd (not shown here). The comparison of the 
neutrino R data taken with an iron target and the charged-lepton data shows 
no evidence for a dependence of R on tj ie target material. Simila f r_cmiclusions 



were previously reached from muonL3t3 and electron experimentst3E3'l_j using 
a series of nuclear targets. 

A measurement of Ft at very small x is presently being considered at 
HERA using lower beam energies. First results were obtained from the 1994 
HI dataea using a different approach. Equation [j] can be rewritten in terms 
of F 2 and Fl yielding a differential cross section proportional to (2 — 2y + 
y 2 )F 2 — y 2 F L . Thus at small y the cross section is dominated by F 2 , while F 2 
and Fl contribute with similar weight at large y. The longitudinal structure 
function Fl was determined from the data with 0.6 < y < 0.78 by subtracting 
the F 2 contribution, which was obtained from data with y < 0.35. Since both 
data sets were taken using same beam energies, the F 2 data had to be evolved 
from the measured Q 2 to the value corresponding to the higher value of y 
using next-to-leading order GLAP evolution. In this sense Fl{x,Q 2 ) was not 
directly measured but inferred from data taken at different (x, Q 2 ) points. The 
result, F L = 0.52 ± 0.25 at x = 0.00024 and Q 2 = 15.4 GeV 2 , corresponds to 
R ~ 0.50 and agrees well with expectations. 



4 Structure Function Data 

4-1 Muon and Electron Fixed-Target F 2 (x,Q 2 ) Data 

The present status of the deuteron F 2 measurements from charged-lepton fixed- 
target experiments is summarised in Figs. 5 and 6. The proton data are in 
accuracy anxL kinematic ^overage similar to. the deuteron results. The data 
from SLAC,B the NMC,@ and the BCDMSBEI collaboration are in excellent 
agreement. They exhibit strong scaling violations, jjzhich are positive at small 
x and negative at large x. The EMC F 2 dataOQ deviate systematically^ 
from the BCDMS^rid NMC data at small x. This discrepancy remained also 
after a re-analysialj of the EMC data, which therefore were not included in 
this compilation. At large x and Q 2 the data are dominated by the results 
from the BCDMS while the small x and Q 2 region is the domain of the SLAC 
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Figure 5: The structure function F 2 for the deuterorfl from the SLAC, BCDMS, and NMC 
experiments. The data were multiplied with the numbers in brackets for clarity of the plot. 
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data. The final analysis of the NMC F 2 data comprises all the data taken 
with 90, 120, 200, and 280 GeV muon beams. The NMC data provide the link 
between the SLAC and BCDMS data and extend the measured x region by 
more than an order of magnitude from x = 0.07 down to x = 0.0045. A useful 
phenomenological parametrisation to the NMC, BCDMS, and SLAC data is 
given in Ref. |^7| . A comparison of the NMC data with the E665 datacj for 
the proton and the deuteron in the range 0.004 < x < 0.04 is shown in Fig. 6. 
The E665 data extent over five more small- 2; bins not shown here down to 
x = 0.0008 where th^average QlL is about 0.4 GeV 2 . A comparison of the 
HERA data from Hlcfl and ZeuscEl to the NMC data, which are considerably 
more accurate, is shown in Fig. 7. The HERA data are in fair agreement with 
the extrapolation of the NMC data to larger values of Q 2 . 



4-2 The ratio F^/F^ and the Gottfried sum rule 

Recent, measurements of the structure function ratio F2/F2 come from the 
NMC@ and the E665 Collaboration^ (Fig. 8). The neutron-to-proton struc- 
ture function ratio is obtained from experiments with liquid hydrogen and 
deuterium targets. Neglecting nuclear effects in the deuteron the ratio is given 

by 

^=2^-1=2— -1 (6) 
F 2 P F 2 P a? [b) 

The latter step in Eq. || is justified by several measurementsEl'El'El finding the 
difference R d — R p to be compatible with zero in the range 0.003 < x < 0.8. 
This puts via Eq. || a limiiEj on a possible difference of the gluon distributions 
in the proton and the deuteron. The ratio FJ^/F^ is found to be largely inde^ 
pendent of Q 2 . Small negative Q 2 slopes, d(F 2 n /F p )/d In Q 2 , were observed! 2 ^ 
in the range 0.1 < x < 0.5 in agreement with predictions from perturbative 
QCD. The ratio Fg/F^ approaches unity for x ~ 0.001 as expected in this 
region where the sea quarks dominate. The small deviation from unity is in 
the order of 0.02- which is a typical value expected for shadowing corrections 
in the deuteronEl'EHl At very small x the E665 data indicate a drop below 0.9. 
Note however, that Q 2 is as small as 30 MeV 2 for x = 6x 10~ 6 , what makes 
the data difficult to interpret. 

The jMMC used the ratio F 2 n /F 2 p together with F 2 d to test the Gottfried 
sum rulellHl 

S G = / — ~ dx=~ + - (u-d) dx. (7) 



If the last term vanishes the Gottfried sum rule takes its original form, Sq — 
1/3. The NMC findsM S G = 0.235 ±0.026 at Q 2 = 4 GeV 2 significantly below 
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Figure 7: Comparisorfl of tha-ftlMC F| data with the present HERA data from Hl@ (top) 
and ZEUSEI (bottom) in the range 0.004 < x < 0.2. 



1/3. From Eq. |?] it is obvious that this result can be interpreted as a flavour- 
asymmetric sea yielding J (u — d) dx = —0.165 ± 0.059. This explanation is 
supported by the CERN experiment NA51, in which the cross-section asym- 
metry (er pp — <T pn )/(cr pp + CT pn ) for Drell-Yan production of muon pairs was 
measured using proton and deuteron targets. From the asymmetry a value of 
u{x) fd{x) = 0.51 ± 0.06 at x = 0.18 was inferred!! Both, the NMC and NA51 
experiment, find a larger down than up-quark component in the proton's quark 
sea. 
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Figure 8: rfa) The neutp«n-to-proton structure function ratio, F^/Fj, as a function of x from 
the NMCE3 and E665.EJ The shaded bands indicate the size of the systematic uncertainties, 
(b) Average Q 2 of the NMC and E665 data as a function of x. 



4-3 Data from Neutrino Experiments 



The nucleoli's structure functions, F^ = (F^ + Ff^/Z, measured in charged- 



lepton and neutrino experiments are related by (see Eq. |^) 

where (e 2 ) = (e 2 + e^)/2 = 5/18 is the mean square charge of the up and 
down quarks. An analysiso using the BCDMS and CCFR data yields (e 2 ) = 
(1.00 ± 0.03) • 5/18. Neutrino data are taken with heavy nuclear targets and 
must be corrected for both, nuclear effects and non-isoscalarity, before being 
compared to deuteron data from charged-lepton experiments. These correc- 
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Figupq 9: The CCFR F2 and xF% structure functions as a function of Q 2 for different values 
of xO Also shown is a QCD fit to the data (solid line) and its extrapolation to lower Q 2 

(dashed line). 



tions are assumed tjCL-ha equal to those in charged-lepton scattering where they 
are well measured. E3'E3' til In addition to F2 the parity- violating, nonsinglct 
structure function xF%, which measures the difference of quark and antiquark 
contributions, can be studied in neutrino and antineutrino scattering. 

The most precise data for deep-inelastic neutrino scattering come from the 
CCFR Collaboration at FNAL. The complete F2 and xF^ data sets are showta 
in Fig. 9. For x > 0.1 good agreement of the corrected CCFR iron F2 dataE3E-3 
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Figure 10: Comparison of the F2 data from neutrino and charged-lepton scattering for the 
bins x = 0.0125, 0.070, and 0.225.EJ 



with the NMC and BCDMS deuteron data is found. However, in the small 
region, x < 0.01, the neutrino data are up to 20 % larger (Fig. 10). In the 
first x bins this discrepancy, which decreases systematically with increasing 
x, is outside the statistical and systematic errors. In this region the strange 
sea contribution may become important. The strange-quark content of the 
nucleon was determined directljtJ from neutrino-induced charm production, 
fj,~c, and analysed in terms of the parameter 



f Q xs(x) + xs(x) dx 

K = -7, — : • (9) 

J xu{x) + xd(x) dx 

In a next-to-leading order analysis a value of k = 0.477 ± 0.051 was found 
establishing a suppression of the strange sea. The shape of the strange quark 
distribution function, s(x), is compatible with that of the light antiquarks. A 
possible difference between the strange and antistrange distribution functions, 
s(x) ^ -s(r) which is expected for an intrinsic strangeness component in the 
nucleon,t3E3 is beyond the precision of the present data. A fit allowing different 
shapes for s(x) and s(x), with s(x)/s(x) = A(l — x) Aa , yielded Aa = —0.46 ± 
0.87. The strangeness content found in this measurement is not sufficient to 
explain the discrepancy between the charged-lepton and neutrino F2 data at 
x < 0.1. Possible other sources for the discrepancy are discussed in Refs. [pO, 

MM 
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Figure 12: The difference of the higher twist 
coefficients of the proton andrfeiie deuteron as 
a function of x!ES 



5 QCD analyses and determination of a s 

Perturbative QCD predicts the Q 2 evolution of the flavour singlet, q s (x, Q 2 ) = 
J2f Qf( x :Q 2 ): an d nonsinglet, q ns (x,Q 2 ) = qi(x,Q 2 ) — qj(x,Q 2 ), quark distri- 
bution functions and of the gluon distribution function, g(x,Q 2 ). The quark 
singlet combination evolves coupled to the gluons while quark nonsinglet com- 
binations evolve independently. Typical nonsinglet combinations are the dif- 
ference of quarks and antiquarks, xF%, and the difference of up and down 
quarks, F% — Ff, while i 7 ^ 1 is almost a pure singlet combination. Apart from 
a test of QCD the aim of QCD analyses of the structure function data is the 
determination of the parton distribution functions and of the strong coupling 
constant, a s . The parton distribution functions are parametrised at a starting 
scale Qq and are then evolved to the Q 2 of the data points according to the 
GLAP equations. 

For the BCDMS/ SLAC, El the NMC,@ and the CCFR0 data next-to- 
leading order QCD analyses were carried out by the experimental groups. In 
the BCDMS and NMC analyses the proton and deuteron data were fitted si- 
multaneously. The data included in the BCDMS fit cover 0.07 < x < 0.85 with 
Q 2 in the range 0.5-260 Geii?. In addition to the leading-twist contribution 
and target-mass corrections pQ combined in F^ 7 ", higher- twist corrections had 
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Figure 13: The logarithmic slopes dlni^/ 
d In Q 2 of the NMC deuteron data as a func- 
tion of x. The solid line shows the slopfls ob- 
tained from the NLO QCD analysis. £3 The 
dashed line correspond the the QCD predic- 
tion without higher-twist terms and the dot- 
ted line to the Q 2 evolution due to quarks 
only. 



Figure 14: The gluon distribution function 
from the NMC QCD analysis^ as function of 
x at 20 GeV 2 compared to that ftwm the anal- 
ysis of the BCDMS/SLAC dataB and-hhat of 
a LO analysis of CDHSW data.E3 



to be included to describe the data. They were parametrised in the form 

F 2 (x i) Q 2 ) = F 2 LT ( Xl ,Q 2 ) jl + |U , (10) 

where Cj is the higher-twist coefficient for the i th x bin. The fitted coefficients 
for the proton, c?, and for the deuteron, cf, are shown in Fig. 11. A calculation 
of these coefficients using infrared renormalons is in good agreement with the 
experimental results.EH The differences of the proton and neutron_cpefficients, 
cf — cf were studied with higher precision in a combined analysis^ of F£ / F% 
data from the NMC, BCDMS, and SLAC experiments (Fig. 12). 

The higher-twist coefficients from the BCDMS analysis were used in the 
next-to-leading order QCD analysis^ of the NMC data with Q 2 > 1 GeV 2 . 
This analysis was the first to focus on the small x region, 0.008 < x < 0.5, 
where the gluon contribution dominates. This is demonstrated in Fig. 13, 
where the total QCD evolution and that due to quarks as obtained from the 
QCD fit is shown separately. At x = 0.01 the gluon distribution function was 
determined with a precision of 20 % (Fig. 14). The total momentum fraction 
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carried by quarks and gluons in the region covered by the data amounts to 0.95 
and the quarks carry a momentum fraction of 0.55 ± 0.02 at Qq = 7 GeV 2 . 

In the QCD analysis!! of the CCFR Fi and xF% structure functions, data 
with Q 2 < 5 GeV 2 or a hadronic final-state energy of IV 2 < 10 GeV 2 were 
excluded. This largely removed the small- a; region, where the charged-lepton 
and the neutrino F2 data differ. The fit is shown as solid line in Fig. 9. The 
value obtained for the strong coupling constant, a s (M|) = 0.JJ9 ± 0.004, is 
considerably larger than the one found in a previous analysisE3 of the same 
data, a s (M|) = 0.111 ± 0.004. The change by two standard deviations is 
mainly attributed to changes in the energy calibration. The results for a s (M|) 
are summarised in Table [j] together with some typical parameters of the fits. 
The contributions from the different error sources were added in quadrature. 

The Q 2 dependence of moments of structure functions is directly predicted 
by the operator-product expansion. The GLAP equations can be obtained by 
a transformation from moment to coordinate space. Therefore the study of 
moments of structure functions is particularly interesting from the theoretical 
point of view. However, the extrapolations to x = (and x = 1) and the fact 
that the sum rules must be evaluated at a fixed value of Q 2 for all values of x 
introduces, additional experimental uncertainties. The Gross-Llewellyn Smith 
sum ruleO (GLS) for the parity-violating structure function xF$ states that 
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Table 1: Results for a B from NLO QCD analyses of DIS data 



Data F 


tef- Qlin Ql Us(Ml) 


BCDMS/SLAC 
NMC 
CCFR 
HERA 


63| 0.5 GeV 2 20 GeV 2 0.113±0.005 
M 1.0 GeV 2 7 GeV 2 0.117 toml 
54| 5.0 GeV 2 5 GeV 2 0.119±0.004 
70] 0.120±0.010 


CCFR (GLS, 

NNLO) 


7U 3.0 GeV 2 0.115±0.006 
69| 1-20 GeV 2 0.108 tofol 


PDG 


72| 0.118±0.003 



the nucleon contains three valence quarks 

S GLS = \ t ^ dx = 3 (l - ^ - 0(a 2 )) . (11) 

The valence quarks represent a flavour-nonsinglet quark combination like the 
difference of up and down quark polarisations, Au — Ad, in the famous Bjorken 
polarisation sunp-rule.E-3 The QCD corrections for both sum rules are known 
to order 0{a 3 s )E3 The CCFR Collaboration has evaluated the GLS sum at 
Q 2 = 3 GeV 2 as S GLS = 2.50 ± 0.018(stat.) ± 0.078feffit.)B This yields in 
next-to-next-to-leading order a s (M|) = 0.115 ± 0.006.O In this analysis the 
structure functions were evolved from the Q 2 of the measurement to 3 GeV 2 
using the GLAP equalipns. To avoid any Q 2 evolution of the data a new 
analysis was performedEj including data from other experiments. In particular, 
F2 data from SLAC were used for x > 0.5, where the antiquark contribution 
becomes negligible and thus xF% ~ F2 ■ The GLS sum was evaluated for seven 
Q 2 bins between 1 and 20 GeV 2 (Fig. 15). The data with Q 2 < 7 GeV 2 average 
to a s (M|) = 0.108^0 009- This value differs considerably from the one found in 
the re-analysis of scaling violations in F2 and xF^ and from the present world 
average a s (Mf) = 0.118 ± 0.003.O 

6 HERA data for i^f 

The HERA experiments HI and ZEUS0 have extended the kinematic range 
of F£ measurements downJxL x ~ 10 -5 and to Q 2 > 5000 GeV 2 for x > 
0.1. The HERA F 2 data@@ taken in 1994 agree fairly with the high Q 2 
extrapolation of the fixed-target data as shown in Figs. 16, 17, and 7. In the 
small-x region a steep rise of F2 ~ x~ x is observed for decreasing x. The 
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b igure 16: Hera F 2 dataBEl from the 1994 run as function of Q 2 for different values of 
x together with those from fixed-target experiments. Also shown is a NLO qcd atfia to 
the HI, NMC, and BCDMS data with Q 2 > 5 GeV 2 . The constants C(x) are defined by 
C(x) = 0.6(i — 0.4) with the rr-bin number i and i = 1 for x = 0.32. 
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Figure 18: The rescaled structure function Rw-R2 as a function of p (top) and lnR' F F2 as a 

function of cte3 (bottom). 



parameter A increases with Q 2 from, about 0.2 at 10 GeV 2 to 0.3 at 100 GeV 2 
and possibly to 0.5 at 1000 GeV 2 .Ea The rise of F2 towards small x continues 
down to Q 2 ~ 1.5 GeV 2 . Thus Regge- inspired models underestimate F2 in 
this region. However, preliminary results from ZEU9I3 using the beam-pipe 
calorimeter and reaching down to Q 2 -i= 0.16 GeV 2 and x ~ 3 x 10~ 6 agree 
with the Donnachie-Landshoff modeO below Q 2 — 1 GeV 2 . 

The asymptotkL-hahaviour of F2 in the small-x-large-Q 2 range is generated 
by QCD dynamicsL3'L3 and can be described by the two variables, 



P 



(12) 



with £ = )xi(xq/x) and C = lnln(Q 2 /Qg). In the HERA region lnF 2 should 
grow linearly with a and be independent of p. The a slope can be calculated 
and one obtains dlni^/der = 2j = 2.5 for five active flavours. With Rp = 
R' F exp(— 27) the quantity RfF% becomes independent of both, a and p. Here 
R' F accounts for the finite size of a and p. The HERA data impressively confirm 
this asymptotic behaviour as shown in Fig. 18. The a slope of ln(i?^F 2 ) fitted 
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Figure 19: The NLO MS gluon distribution 
function, xg(x), at Q 2 = 5 and 20 GeV 2 as a 
function of x from a QGS analysis of the HI 
dataH 



Figure 20: The leading-order gluon distribu- 
tion function, rse«(x), at Q 2 = 30 GeV 2 frtm 
(2+l)-jct datfOand from J/tp production^ 2 ] 



to the HI dataEI is 2.57 ± 0.08 in good agreement with the prediction. 

The strong correlation of the gluon distribution function with a s at small 
x makes it difficult to determine a s in a standard QCD analysis from the 
HERA F2 data alone. However, the growth of -& in the small- a; and large- 
Q 2 region is directly related to the value of a s x2 An analysis of the HERA 
data taken in 1993 yielded a rather high value compared to other DIS results, 
a s (M|) = 0.120 ± 0.005(exp.) ± 0.009(theory). A preliminaa^result from the 
1994 data yields an even higher value of 0.122 ± 0.004(exp.)EJ 

The gluon distribution function determined in .a_ next-to-leading order 
QCD analysis in the MS scheme from the HI datacS is shown in Fig. 19. 
New parton distribution functions from global "fits including the new HERA 
data are available from the MRSEEl and CTEQa groups. A direct measure- 
ment of g(x) can be performed using the (2+l)-jet production data. From the 
photon-gluon fusion process, j*g — > qq, two quark jets emerge. The target 
jet disappears in the beam pipe. There is an about 30 % contribution from 
the QCD Compton process, 7*q — > q' + g. The (2+l)-jet production is via 
the photon-gluon fusion process directly linked to the gluon distributkm in 
the proton. Leading-order results from the 1993 (2+l)-jet data from HlEJ are 
shown in Fig. 20 together with NMC results from 3/ip production.E3 They are 
in good agreement with other determinations of xg(x). 
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7 Conclusions 

The fixed-target structure function data are in good agreement. A small dis- 
crepancy in the small- a; region persists between the muon and neutrino F 2 
data. Presently, it is unclear whether this has a physics origin or is a reflec- 
tion of experimental difficulties. This question is partly related to the role 
of strangeness in the nuclcon and maybe also to the longitudinal structure 
function, Fl. For Fl considerable progress was made in the small-x region. 
However, it is still much less well known than F 2 . An accurate measurement 
at HERA, requiring a luminosity upgrade, is highly desirable. The theoretical 
understanding of higher-twist corrections, in particular of their x dependence, 
has made considerable progress over the last years and the calculations agree 
well with the data. This is an essential ingredient for the determination of 
a s from sum rules, e.g. the Gross-Llewellyn Smith sum rule. While up to now 
most determinations of a s from scaling violations in structure functions yielded 
consistently smaller results than obtained from LEP, the situation is less clear 
after the re-analysis of the CCFR structure functions. A determination of a s 
from the small- x high-Q 2 region of the HERA data yields also a rather large 
result. The rise of F 2 with decreasing x and increasing Q 2 has been mapped 
out at HERA with a considerable precision. Thus a good determination of the 
gluon distributions at small x became possible. 

Deep inelastic scattering continues to be one of the most important testing 
grounds of perturbative - and to the extent our present understanding allows 
- also of nonperturbative QCD. 
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